In this paper, we apply a novel analytical technique-k-means clustering-to understand the relationship between the growth of firms and the availability of power in sub-Saharan Africa. We develop a classification of firms and show how firm clusters are distributed across industries and countries. Our analysis reveals a surprising degree of within-country heterogeneity in the experience of firms. While previous studies have found a positive relationship between the reliability of power and firm growth, we find that such a clear relationship seems not to prevail. In other words, some firms are able to cope with an unreliable supply of power while many others do not. This may be because firms self-select into industries which promise high returns despite anticipated power problems. Further research on the conditions determining entry would provide insight into why some firms succeed in a poor business environment, while others are unable to thrive.
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Introduction: Unreliable Power in Sub-Saharan Africa
Electricity remains in short supply in almost every African country. Almost 600 million people in sub-Saharan Africa lack access to electricity at home. Most of the region has an average grid access rate of just 20 percent, while only seven countries-Cameroon, Côte d'Ivoire, Gabon, Ghana, Namibia, Senegal and South Africa-have household electricity access rates exceeding 50 percent.
While lack of basic household access is a widespread concern, problems of electricity cost and reliability for commercial and industrial purposes can have potentially devastating effects on job creation, firm productivity, and income growth. In many countries, for example, diesel generators are relied upon to provide electricity for business, by, with prices for power ranging from three to six times the price of grid-provided electricity. Several researchers have demonstrated the relationship between the cost of unreliable electricity and firm productivity (Abotsi, 2016; Ramachandran et al, 2009 ). Much of this work has used firm-level data to show that costly and/or unreliable power has significantly negative impacts on the private sector. Most recently, Cole et al (2018) argue that reducing outage levels to those of South Africa would increase overall sales of firms in sub-Saharan Africa by 85 percent. Mensah (2018) found that electricity shortages reduced the likelihood of employment by 35-41 percent. (See Appendix 1 for a description of some of these papers and their results.) While reducing power costs and outages are likely to have positive benefits for firms, there are many unanswered questions. In this paper, we ask-which countries might benefit the most from improved power? And what kinds of firms? Do all firms in sub-Saharan Africa face similar problems? Would all firms produce more or grow faster if they had fewer outages?
We begin with the premise that the cost and burden of outages is felt by some more than others, at the firm, sector and country level. We explore these differences using a methodology known as K-means clustering which sorts firms on multiple dimensions including various measures of unreliable power.
Let us consider a simple schematic that describes the role of power in driving firm productivity and job creation. Figure 1 describes the factors driving supply and demand within a firm. Increasing demand for the company's product is a necessary condition for growth while supply costs and bottlenecks impact actual outcomes for the firm. The cost of unreliable electricity (as reflected by power outages) is a subset of costs impacting production. However, costs are interlinked. For example, firms cannot use technology without reliable power. Firms cannot purchase generators without financial capital.
Figure 1. Factors driving job creation in African enterprises
The aggregate costs of unreliable power are well-established. However, less is known about individual firm experiences. Do some firms face a higher burden compared to others? Do generators offset the adverse impact of unreliable power for some firms and not others? Do firms that report higher outages all grow slower than others, or is this a diverse group? Do all firms in countries with known problems in public supply of electricity all report severe problems with outages and associated costs? We try to answer these questions.
Data Source and Variable Descriptions
The World Bank Enterprise Surveys offer firm-level data collected through face to face interviews for a representative sample of an economy's private sector. The surveys cover a broad range of business environment topics including access to finance, corruption, infrastructure, crime, competition, and performance measures. The entire dataset is available at www.enterprisesurveys.org.
Using a sample of 3109 firms from 37 African countries, we examine the cost of unavailable or unreliable power for firms with 10 or more employees, by focusing on the following questions that capture the extent of the electricity problem:
(1) Has the firm experienced power outages in the past fiscal year? (2) If yes, how many outages does a firm experience in a typical month? (3) What is the average duration of these outages? (4) What percent of sales are lost due to power outages? (5) Does the firm use an own/shared generator? (6) Is electricity a major constraint to firm operations? Figure 2 shows the average number of outages per month and the corresponding duration of an outage experienced by firms in 37 African countries. We immediately see that lack of clear correlation between number of outages and duration of an outage-countries such as Mauritania and Madagascar, for example, report an average of about 8 outages a month, but with each outage lasting less than two hours. On the other hand, firms in Sierra Leone and Burkina Faso report almost the same-about nine outages a month, but with each outage Figure 4 presents box plots showing the range of responses for number of outages in a month, while figure 5 presents box plots for percentage lost due to outages. We see that country averages mask the wide variation-in almost all countries, there are firms that report very few outages; likewise, there are firms that report minimal losses in sales due to outages, even in countries such as Central African Republic, Nigeria, Uganda and others. On the other end of the spectrum, we see several large outliers, with firms reporting multiple outages daily, and some firms reporting losses as high as 70 percent of sales. 
Measuring the Impact of Unreliable Power: K-Means Clustering
The data presented above indicate that even in better-performing countries, firms can face high electricity costs, while some firms, even in countries with very poor electricity provision, can face a low burden of electricity costs and losses. This prompts us to investigate the impact of electricity provision on performance at the enterprise level, rather than focusing on country level averages.
Previous studies have examined the impact of electricity shortages and use of generators on performance using multivariate regression analysis. These studies show the positive impact of generator use on firm productivity and growth, and the inverse relationship between outages reported and firm performance.
Our study takes a different approach. Instead of establishing a causal and specific functional relationship between electricity costs and enterprise growth, we simply examine natural groupings of firms in sub-Saharan Africa, based on their reported experiences. If the relationship between outages, losses and growth is linear, a priori, we would expect to see groups of firms that report few outages to experience higher growth. At the other end of the spectrum, we would expect to see groups of firms that report significant losses to also have low growth rates. Since generators offset the electricity problem, we would expect to see firms with generators report lower losses and experience higher growth.
This approach-clustering-is a widely used data mining method with various applications in industry and research. It is used to identify groups of customers for targeted marketing, in-text mining, and in geospatial analysis, image identification and so on. In this paper, we use a particular type of clustering called k-means clustering.
K-means is a clustering algorithm which partitions a set of observations {x1, x2, …, xn}, where xi = (xi1, xi2, …, xir) is a vector in a real-valued space X ⊆ R r , and r is the number of attributes (dimensions) in the data. The algorithm partitions the data into k clusters. It begins by assigning a centroid or cluster mean to each of the k clusters. Based on the Euclidean distance between each observation and the centroid, K-means clustering iteratively partitions n observations into k (≤ n) sets S = {S1, S2, …, Sk} so as to minimize the within-cluster sum of squares (variance) of the distance between xi and the centroid. Each iteration determines both the number of firms in the cluster as well as the value of the centroid. This process is equivalent to minimizing the pairwise squared deviations of points within a cluster. As total variance is constant, this is also equivalent to maximizing the squared deviations between points in different clusters (i.e. between-cluster sum of squares). The k-means clustering technique stops at the point where it finds the lowest within-group variance, and the highest between-group variance.
We use k-means clustering to identify enterprise groups: which firms are similar to each other in their experiences with outages, losses, generator use and job growth? Which ones are least like each other? To keep the exercise manageable, we define the vector xi to consist of five key variables upon which the clustering algorithm is applied:
• The optimal number of clusters is determined by a process known as the Elbow method. The elbow method determines the optimal number of clusters by examining the withincluster variance explained as a function of the number of clusters: the optimal number of clusters is such that adding another cluster leads to a negligible decrease in variation. A plot of the within-cluster variance explained by the clusters against the number of clusters shows the decline of within-cluster variance with the number of clusters-at some point the marginal gain will fall significantly-the "elbow" in the graph. The number of clusters is chosen at or close to this point. Figure 6 shows the pattern of within-cluster variance for our dataset of 3109 firms across the five dimensions specified above. We see the variance "elbows" at between six to seven clusters. We choose k as 6, as additional declines in withincluster variance are not significant in magnitude. 
Results
The k-means clustering technique results in six clusters in our sample of 3109 firms.
Marchers: Cluster 1 contains large firms with moderate electricity costs; many firms own generators. These firms are spread across Africa with a higher share in east and southern Africa. These firms are "marchers"-firms that have a decent rate of growth in employment (8 percent) despite experiencing 25 hours of power outages per month.
Plodders: Cluster 2 are firms have a relatively steady supply of power, with only 11.45 hours of power outages per month. They lose hardly any sales to outages and none of them own generators. These firms have grown at 5 percent a year over the past two years. Plodders are mostly located in middle income countries.
Racers: Cluster 3 is perhaps the most interesting of our clusters. These firms are growing rapidly, roughly doubling in size over two years. With a median firm size of 59 workers, they do suffer some power outages but have managed to cope with unreliable power. About half of the firms in this group own generators, and the percentage of sales lost due to power outages is only 5.31 percent. There are 286 firms in this cluster, spread all over the African continent, including in very poor countries. About a quarter of all firms in Chad and Liberia belong to this cluster. Almost 16 percent of firms in Nigeria are in this cluster.
Survivors: Cluster 4 represents a large cluster of 1015 firms that are growing very slowly. These firms report a growth rate of about 3 percent per year. These firms are to be found all over Africa with a particularly high share in Niger (100 percent), Mauritania (72 percent), Guinea Bissau (72 percent) and Mali (61 percent). About half of all firms in Zimbabwe also belong in this cluster.
Non-Adaptors:
Cluster 5 contains a group of 352 firms that report very high losses due to power outages. Almost one in five firms in Ethiopia and Uganda fall into this group, and more than one-third of firms in Angola are located here. These firms grow at 4 percent per year and while more than half own generators, this does not seem to compensate for the 52 hours of power outages suffered per month. These firms lose 31 percent of sales due to power outages! Strugglers: Finally, firms in Cluster 6 face the highest outages (218 hours per month) and report that 15 percent of their sales are lost due to these outages. More than three quarters own generators. Half of all firms in the Central African Republic are in this cluster along with a quarter of all firms in Nigeria and Chad.
Figures 7-12 describe the distribution of firms by cluster and the attributes of each cluster. It highlights the fact that firms across countries face similar constraints and growth experiences, while also demonstrating how individual firm experiences can vary widely within a country. Since firms in clusters 5 and 6 report the highest losses and hours of outages, we highlight these clusters in red, while cluster 4-the cluster where all firms own generators, yet are growing very slowly (survivors) are colored in orange. Here we can see the stark differences between countries-mostly middle income-with reliable electricity supply and others. The "red" zone countries like Gambia, Central African Republic, Nigeria and Angola have more than a quarter of firms facing severe electricity problems. These red zones are virtually non-existent in countries like South Africa, Namibia, and Mauritius. The clustering analysis revealed a small, yet very interesting cluster of firms in unexpected places. We see firms in Cluster 3 averaging more than 50 percent growth over the past two years, and these firms are spread out all across sub-Saharan Africa, not simply located in countries with a reliable electricity infrastructure. The firms are mostly medium sized, and only about half own a generator. So, what drives rapid job creation in these firms?
Prior studies in enterprise growth have shown that (we can add our study here), after controlling for initial firm size and firm age, key drivers of growth are human and financial capital. Are the same factors driving these extremely high growth rates? Can we explain differences in growth rate of firms in this cluster compared to others by features such as initial size, age, human capital and financial capital? How do outages and generator ownership factor in?
We explore this using a logistic regression framework. Results show that number of outages and percentage losses are not significant-in addition to initial size and age, firms that have grown rapidly are significantly more likely to use email and have banking overdrafts. Also, these firms are more likely to own generators compared to others. The computed predicted probability results for a ten-year-old metals firm are presented in figure 11 . We see that the probability of belonging to this high growth cluster almost doubles with generator ownership, and triples when the firm also uses email. The probability increases by another 50 percent when it has access to overdrafts. 1 Figure 14 . Predicted probability of belonging to a high growth cluster (computed for a ten-year-old metals firm with 25 employees)
Cluster 3 points to a group of firms that seem to have succeeded by producing unique, differentiated products for niche markets (Table 1) . The findings for this cluster may also reflect at least two endogenous responses to unreliable power: purchasing a generator, and only establishing a firm in sectors that promise good returns despite anticipated power problems. These possibilities are worthy of further exploration. 
Conclusion: Clustering Highlights the Varied Experiences of Firms in Africa
Overall, the results indicate that investments in electricity are likely to improve firm productivity and contribute to job creation, if highly unevenly. If the firms currently on generators can switch to lower cost grid or off-grid power, the resources freed up will be available for investments that will enable firms to become larger and/or more productive.
The results also show that there is considerable heterogeneity in our sample. The first of the two largest clusters reveals that there are many firms within Africa (mostly in middle-income countries) which experience low costs, and negligible losses, even without generators. At the other end, there is a large group of firms in Africa which has generators-self-generation allows these firms to minimize losses, and to grow slowly.
The other clusters highlight the differential impact of electricity problems on firms, with clusters of firms experiencing extremely high outages and losses and negligible growth, sometimes even with generator use. However, a unique cluster of rapidly growing small firms demonstrates that all is not lost-some small firms with generators, technology use and financial access are able to grow even in an adverse business environment.
Further research can help shed light on various questions not addressed in this paper. Chief among them are the following-what is the financial burden of using a generator and how does it impact firm productivity and job creation? Do firms endogenize the problem of unreliable power by choosing certain production technologies over others? What does this mean for economic development and growth? Do firms choose to enter (or not enter) a country because of its power situation? And finally, how many firms are "missing" because of unreliable power? This could be explored at the macro level-for an entire economy-or at the micro level, by sector or type of firm. Understanding how firms cope with unreliable power is a critical to the design of polices to promote private sector development and economic growth. (Anselm Abotsi, 2016) .
o Utilizes the World Business Environment Survey (early version of enterprise surveys), finds that the number of power outages experienced by a firm in Africa has a negative impact on production efficiency.
• How does electricity insecurity affect businesses in low and middle-income countries? (Andrew Scott et al., 2014) . o Electricity insecurity impacts productivity of manufacturing SMEs and investment in and by SMEs, but impacts are mixed and often statistically insignificant.
• The influence of services on firm productivity in sub-Saharan Africa (Godfrey Madigu, 2014) .
o Results show a significant relationship between the ownership of a generator, high power outages, and productivity. (Lamessa Abdisa, 2018) . o Unreliable supply of electricity is the main constraint to doing business in Ethiopia; power outages were found to negatively affect firms' productivity, and outages are particularly costly for large firms.
• Electricity Cost and Firm Performance: Evidence from India (Ama Abeberese, 2017) .
o Utilizes the Indian Annual Survey of Industries and finds that electricity constraints may lead firms to operate in industries with fewer productivityenhancing opportunities.
• The impact of electricity shortages on firm productivity: Evidence from Pakistan (Corbett Grainger and Fan Zhang, 2017) . o Utilizes data from the Pakistan Bureau of Statistics and finds that an increase in the incidence of power outages leads to significant decrease in a firm's total value of output and value added.
• Electricity Load Shedding: An econometric analysis of the productivity of firms in the manufacturing sector in Lusaka (Yimbilanji Sichone et al., 2016) . o Load shedding has a negative and significant impact on the productivity of firms in the manufacturing sector in Zambia.
• The Value of Rural Electricity: Evidence from the Rollout of the U.S. Power Grid (Joshua Lewis and Edson Severnini, 2015) o Farm access to electricity led to a 35 percent increase in productivity and families were willing to forgo 32 percent of annual income to live in an electrified home. (Lasana Cissokho and Abdoulaye Seck, 2013) . o Utilizes a Senegalese industry survey complemented by the WB Enterprise Surveys and finds that power outage frequency, duration and perceived severity have negative effects on scale efficiency.
• Electric Power Outages and the Productivity of SMEs in Senegal
• Do power cuts affect productivity? A case study of Nigerian manufacturing firms (Busani Moyo, 2012) . o Utilizes World Bank Investment Climate Surveys and finds that power outages have a negative and significant effect on productivity, particularly for small firms.
• Why are connection charges so high ? an analysis of the electricity sector in Sub-Saharan Africa (Moussa Blimpo et al, 2018) . o Estimates a model of household and electric utility behavior to describe how the low access rates and high connection charges that are common in the subSaharan Africa region arise from regulated electricity tariffs being set too low.
• Electricity Provision and Tax Mobilization in Africa (Moussa Blimpo et al, 2017) .
o Uses Afrobarometer data to show that tax morale increases with the provision of reliable power. 
